ABSTRACT Background: Dietary N-nitroso compounds and endogenous nitrosation are important carcinogenic factors, but human evidence of their role is scarce for esophageal cancer and inconsistent for gastric cancer. Objective: We studied the relation between risks of esophageal and gastric cancer subtypes and dietary intake of N-nitrosodimethylamine, heme iron, nitrite, and nitrate in the Netherlands Cohort Study. Design: A total of 120,852 men and women aged 55-69 y were recruited in 1986, and diet, based on a 150-item food-frequency questionnaire, and other risk factors were assessed. The cohort was followed for 16.3 y, and 110 esophageal squamous cell carcinoma (ESCC), 151 esophageal adenocarcinoma, 166 gastric cardia adenocarcinoma, and 497 gastric noncardia adenocarcinoma (GNCA) cases were analyzed along with 4032 subcohort members in a case-cohort analysis. Results: Positive associations were observed between N-nitrosodimethylamine intake and ESCC risk (HR for 0.1-mg/d increase in intake: 1.15; 95% CI: 1.05, 1.25; P-trend = 0.01 based on tertiles of intake) and GNCA risk (1.06; 95% CI: 1.01, 1.10; P-trend = 0.09) in men. ESCC risk was associated with nitrite intake (HR for 0.1-mg/d increase: 1.19; 95% CI: 1.05, 1.36; P-trend = 0.06) and heme-iron intake (HR for 1-mg/d increase: 1.83; 95% CI: 0.98, 3.39; P-trend = 0.03). Among women, exposure levels were lower, and we found no convincing positive associations. Conclusion: These results suggest that N-nitroso compounds may influence the risk of ESCC in men, but there are no clear associations for other esophageal and gastric subtypes.
INTRODUCTION
N-Nitroso compounds (NOCs) 4 are a group of naturally occurring compounds containing a nitroso group bound to a nitrogen atom (1) . Humans are exposed to NOCs mainly through diet, cigarette smoking, occupational exposure, and endogenous nitrosation. Several NOCs are carcinogenic in animals (2) , and the most frequently occurring carcinogenic NOC in foods-Nnitrosodimethylamine-is classified as probably carcinogenic to humans (group 2A) by the International Agency for Research on Cancer (3). The major dietary sources of N-nitrosodimethylamine are cured meat, pickled fish and vegetables, and food products dried by using direct-fire methods. Beer used to be an important source of N-nitrosodimethylamine. Endogenous formation of NOC by nitrosation of secondary amines via nitrite under acidic conditions is another major source of exposure, and it is estimated to contribute 45-75% of the total NOC exposure (1) . Endogenous NOC formation in humans in the lower gastrointestinal tract is also influenced by the heme-iron content of consumed meat (4) , and it has been shown in rats that chlorophyll inhibits the effect of heme in the gastrointestinal tract (5) .
Although there is convincing evidence from animal studies for the role of exogenous NOCs in the etiology of several cancers, including esophageal and gastric cancer (2) , and most of the casecontrol studies suggest a positive association between nitrosamines, nitrite intake, and the risk of gastric cancer (6, 7) , cohort studies are much less conclusive (7) (8) (9) and few studies have investigated associations with the risk of esophageal cancer (7, 10) . Inconsistencies might be partly due to the different etiologies of esophageal and gastric cancer subtypes and the possible effect modification by inhibitors of endogenous nitrosation, such as vitamin C. We also hypothesized that chlorophyll, which is structurally similar to heme, may influence the effect of heme on endogenous NOC formation.
In this study, we assessed the association between the risk of esophageal and gastric cancer subtypes and exposure to Nnitrosodimethylamine, heme iron, nitrite, and nitrate intakes in a large Dutch cohort recruited in 1986, which was likely to have experienced a wide range of N-nitrosodimethylamine exposure because beer in the Netherlands still contained a considerable amount of N-nitrosodimethylamine before the 1980s (11, 12) . We also examined the effect modification by vitamin C and chlorophyll intake.
SUBJECTS AND METHODS

Design and study population
The Netherlands Cohort Study (NLCS) is a prospective cohort study started in September 1986. At baseline 58,279 men and 62,573 women aged 55-69 y were recruited (13) . The sample was selected from 204 municipal population registries throughout the Netherlands by sex-stratified random sampling. At baseline, a selfadministered questionnaire was completed by study participants on dietary habits and other risk factors of cancer. A case-cohort design is used for processing and analyzing data (14) ; hence, a random subcohort was selected immediately after identification of cohort members. The choice for the size of the subcohort (n = 5000) was based on relative efficiency comparisons of RRs that would be obtained from a full cohort study compared with a case-cohort design (13) . The subcohort is followed for migration and vital status to estimate the accumulated person-years of the whole cohort. Only one subcohort member was lost during 16.3 y of follow-up. Ethical approval to conduct the study was obtained from the institutional review boards of the University Hospital Maastricht and TNO Nutrition and Food Research.
Follow-up of cases
Incident cases of cancer in the entire cohort throughout 16.3 y of follow-up were identified by using annual computerized record linkage to the Netherlands Cancer Registry and the Nationwide Network and Registry of Histo-and Cytopathology in the Netherlands (15) . The completeness of the cancer registries was estimated to be .95% (16) . A total of 336 cohort members emigrated from the Netherlands during the study. Endpoints for this study were incident, microscopically confirmed esophageal and gastric cancer cases classified by anatomic site and histologic type defined by the International Classification of Diseases for Oncology, Third Edition (17) . Esophageal carcinomas included squamous cell carcinomas C15 (histology codes 8050-8076) and adenocarcinomas C15 (histology codes 8140, 8141, 8190-8231, 8260-8263, 8310, 8430, 8480-8490, 8560, and 8570-8572). Gastric cancer was classified as cardia adenocarcinomas C16.0 and noncardia adenocarcinomas as C16.1-C16.9, including overlapping (C16.8) and not otherwise specified (C16.9) tumors. The distribution of cancer subtypes in the cohort and the selection of cases and subcohort members are shown in Figure 1 . Individuals with prevalent cancer (except skin cancer) at baseline and those with incomplete and/or inconsistent dietary data (18) were excluded from the analysis.
Assessment of determinants
The baseline questionnaire included 150 items on food and beverage consumption during the year before the start of the study. Data were key-entered and processed in a standardized manner. To minimize observer bias, data entry was blinded with respect to case/ subcohort status. The questionnaire was validated against a 9-d diet record (18) . Spearman correlation coefficients for alcoholic beverages, meat products, and vegetables, which are major sources of NOCs and nitrate in the diet, were 0.89, 0.54, and 0.38, respectively.
N-nitrosodimethylamine
N-nitrosodimethylamine values in food items and food groups were initially extracted from publications in which the N-nitrosodimethylamine content was measured in Dutch foods in the 1970s and 1980s. Publications were searched by using PubMed (http://www.ncbi.nlm.nih.gov/pubmed/) and Web of Science (webofknowledge.com), 2 previously developed food databases of nitrosamines (19, 20) , and references from identified publications. The following information was extracted when available: type and number of food samples analyzed, number of samples that were positive for N-nitrosodimethylamine, detection method, source of sample, preparation of sample, and mean and range of N-nitrosodimethylamine content. Food items for which N-nitrosodimethylamine values were not available from Dutch sources, but nonzero content was indicated in a comprehensive food-composition database of nitrosamines (20) , measurements made in food sources from Western or northern Europe in the 1980s were used (21, 22) . We excluded studies in which food samples for N-nitrosodimethylamine measurements were selected according to some specific characteristic of the source of the food item (eg, animals fed a high-nitrate diet).
The collected N-nitrosodimethylamine data for food items were used to assign a final N-nitrosodimethylamine value for food items used in the NLCS cohort. If values for a food item were available from several sources or from different types (eg, types of cheese), a weighted average value was calculated by using the number of analyzed samples as a weight. For food items containing more than one ingredient, N-nitrosodimethylamine values were calculated by using the proportion of N-nitrosodimethylaminecontaining ingredients in the recipe of the food item. When N-nitrosodimethylamine values were not available for a food item, the value for the closest comparable food were assigned (eg, alcohol free beer-beer). N-nitrosodimethylamine values in food items together with the frequency of consumption and serving sizes were used to calculate N-nitrosodimethylamine intake for subcohort members and cases.
Nitrate and nitrite
Food-composition values for nitrate were derived from the databank on contaminants in food from the State Institute for Quality Control of Agricultural Products (RIKILT; Wageningen, Netherlands) (23) . Estimations were based on the mean nitrate contents between 1985 and 1989. Distinction between summer and winter was made for some vegetables [eg, endive (raw and cooked), lettuce], and information on nitrate losses during preparation (washing, cutting, and cooking) were considered. For several vegetables, experimental data were available regarding nitrate losses during preparation (24, 25) . The percentage nitrate losses used to construct the nitrate table were 16%, 31%, 42%, 20%, and 49% for endive, spinach, chicory, cabbage, and potatoes, respectively. For other vegetables consumed after cooking, nitrate losses were estimated to be 40%. For lettuce, a 20% loss was used. Information about nitrate content in drinking water from all pumping stations in the Netherlands in 1986 (Vereniging van Exploitanten van Waterleiding bedrijven in Nederland 1989) was used to determine the nitrate concentration in drinking water for each home address by postal code. To calculate the nitrate intake from water, we used information from the questionnaire about the amount of water, coffee, tea, and soup consumed. Total nitrate intake was calculated by summing dietary intake and nitrate from water. The median proportion of dietary nitrate to total nitrate was 99% in the subcohort, and the major source of dietary nitrate intake was from leafy vegetables.
Food-composition values for nitrite were obtained from analyses conducted by the National Public Health Institute in 1984, based on 5 samples per product (26) . Nitrite intake was assessed solely on the intake of processed meat, because the nitrite content of vegetables and cheese was considered negligible in comparison with processed meat.
Heme iron
Daily heme iron intake was derived from the heme-iron content of food items calculated as a product of total iron content and mean percentage heme iron relative to total iron in each specific origin of meat. Total iron content was obtained from the Dutch food-composition table (27) , and type-specific percentages of heme iron were estimated from studies measuring total and heme iron in the same meat samples (28) . The average percentages of heme iron relative to total iron were 65%, 39%, and 26% for cooked beef, pork, and chicken or fish, respectively.
Chlorophyll
Intake of chlorophyll was assessed by using vegetable intake and previous reports on chlorophyll content in vegetables described in detail by Balder et al (28) .
Vitamin C
Daily vitamin C intake was calculated from the food-frequency questionnaire data by using the Dutch food-composition table (27) .
Index of endogenous NOC formation
An index of endogenous NOC (ENOC) was previously determined by Jakszyn et al (8) based on a strong correlation (r = 0.95) between intake of iron from meat and measured apparent total NOC formation (ATNC) in fecal samples of individuals administered a controlled diet. We estimated ENOC by calculating the heme-iron content of diets used in controlled experiments that measured ATNC in fecal samples (4, (29) (30) (31) (32) and correlated hemeiron content with corresponding ATNC measurements (r = 0.97). On the basis of the strong correlation, we used linear regression to predict the ENOC of cases and subcohort members using their heme iron intake [ENOC (mg/d) = 45.05 + 49.23 3 heme iron] for observations of heme iron #4.05 mg/d. For 3 subcohort members and 1 member with squamous cell carcinoma who had a heme iron intake .4.05 mg/d, we used a value of 244.4 mg/d (predicted by the model) because extreme high values of heme iron did not yield good predictions. We present ENOC estimates for categories of heme iron intake.
Assessment of potential confounders
Information on education (primary school, lower vocational, high school, or higher vocational/university); cigarette smoking status (never, ex-, or current smoker); smoking history (number of cigarettes smoked and duration of smoking); total energy intake (kJ/d); BMI (in kg/m 2 ); nonoccupational physical activity (,30 min/d, 30-60 min/d, 60-90 min/d, or .90 min/d); beer, alcohol, vegetable, and fruit consumption; long-term (.0.5 y) use of nonsteroidal antiinflammatory drugs and lower esophageal sphincterrelaxing medications (nitroglycerins, aminophyllines, b-blockers, anticholinergics, nifedipine, and benzodiazepines); and history of esophageal or gastric cancer in the family were derived from the baseline questionnaire.
Statistical analysis
Means, SDs, medians, IQRs, and frequencies were used to describe data in cases and subcohort members. Categories of intakes were constructed by using tertiles based on the respective distributions in the subcohort. The Cox proportional hazards model was used to estimate HRs and 95% CIs for esophageal and gastric cancer subtypes by comparing categories of intakes with the use of listwise deletion of cases with missing data; continuous intake variables (increment of 0.1 mg/d, 1 mg/d, 0.1 mg/d, 10 mg/d for N-nitrosodimethylamine, heme iron, nitrite, and nitrate, respectively) were also used. SEs were calculated by using a robust variance estimator (33) . The proportional hazard assumption was assessed by using the scaled Schoenfeld residuals (34) and by plotting -ln [2ln (estimated survivor function)] as a function of time on the logarithmic scale (35) . Stratified Cox models were used when combining men and women to allow different baseline hazards. All models were adjusted for age, and additional models were adjusted for smoking status (current yes or no), number of cigarettes smoked per day, duration of smoking (y), total energy intake (kJ/d), BMI (in kg/m 2 ; ,20, 20-24.9, 25-29.9, or $30), vegetable intake (g/d), fruit intake (g/d), levels of education (4 categories), and nonoccupational physical activity (4 categories) and further for alcoholic beverages not including beer (g/d) for models of N-nitrosodimethylamine intake and alcohol (g/d) for all other models. Moreover, models for esophageal adenocarcinoma were also adjusted for long-term use of lower esophageal sphincterrelaxing medications (yes or no). Tests of linear trend in the HRs were performed by fitting models with the median values of each exposure category as a continuous variable.
We tested for effect modification of vitamin C and chlorophyll intake by adding cross-product terms in the regression models. The Wald statistic was used to test for an interaction. Because of the low number of cases among women, these analyses were not performed for esophageal and gastric cardia adenocarcinoma in women.
We have carried out several sensitivity analyses to assess the robustness of our findings. First, the analysis was conducted by excluding the first 2 y of follow-up to assess possible effects of preclinical disease on the associations. Second, we used age as time scale in the Cox models to assess possible bias due to the choice of time scale. Third, we conducted analyses restricted to individuals who were not drinking beer. Fourth, because many dairy products were eaten in the NLCS and we had few estimates of N-nitrosodimethylamine content in dairy products other than cheese, we performed the analysis with N-nitrosodimethylamine calculated by using only food products other than noncheese dairy products. All analyses were performed by using the Stata statistical software package [Stata/IC for Windows (32-bit), version 12.0; StataCorp].
RESULTS
In total, 924 cases and 4032 subcohort members were analyzed with an average follow-up of 14.3 y in the subcohort. The baseline characteristics of the case groups and subcohort members are shown in Table 1 . Those with esophageal squamous cell carcinoma were more likely to be current smokers and consumed more alcohol than subcohort members. N-nitrosodimethylamine intakes ranged from 2 to 2701 ng/d (mean: 109 ng/d, median: 58 ng/d) in the subcohort, with substantially higher intakes in men than in women. N-nitrosodimethylamine, heme iron, and nitrite intakes and ENOC levels were higher and nitrate intakes were lower among men with esophageal squamous cell carcinoma than in men in the subcohort.
A total of 73% of the N-nitrosodimethylamine intake in the subcohort was from beer and processed meat, with a marked contribution of beer in individuals with a high N-nitrosodimethylamine intake among men ( Figure 2 ). Other sources of N-nitrosodimethylamine included dairy products, meat, coffee, and fish.
In men, the N-nitrosodimethylamine intake was positively associated with the risk of esophageal squamous cell carcinoma in age-adjusted and multivariable-adjusted models (HR for the highest tertile in the multivariable model: 2.43; 95% CI: 1.13, 5.23; P-trend = 0.01), and there was a weaker association with gastric noncardia adenocarcinoma, but not with esophageal adenocarcinoma or gastric cardia adenocarcinoma ( Table 2 ). The multivariable-adjusted model with continuous exposure variable estimates a statistically significant 15% increase in risk of squamous cell carcinoma of the esophagus per 0.1-mg increase in daily N-nitrosodimethylamine intake. Among women, models with continuous N-nitrosodimethylamine exposure showed a weak significant association with esophageal squamous cell carcinoma (Table 2) . However, tests for trend were not significant. No association was seen for esophageal adenocarcinoma or gastric cancer subtypes. A combined analysis of men and women showed a positive association with esophageal squamous cell carcinoma (HR for the highest tertile in the multivariable model: 1.76; 95% CI: 1.07, 2.90; P-trend = 0.01).
Heme iron intake was also positively associated with esophageal squamous cell carcinoma risk in men, with higher risk estimates in the multivariable-adjusted model (HR: 2.23; 95% CI: 1.05, 4.75; P-trend = 0.03) ( Table 3) . Risk estimates for the highest tertile of heme iron intake compared with the reference category also suggest an increased risk of gastric cardia adenocarcinoma, but the results were not significant and a trend was not seen. Furthermore, risk estimates among women do not indicate positive associations with any esophageal or gastric cancer subtype (Table 3 ). Inverse associations suggested by estimates for esophageal and gastric cardia adenocarcinoma are based on very few cases. A combined analysis of men and women showed no association with esophageal squamous cell carcinoma (HR for the highest tertile in the multivariable model: 1.27; 95% CI: 0.75, 2.14; P-trend = 0.38).
Cox regression models among men showed a positive association between nitrite and esophageal squamous cell carcinoma, but only continuous models were statistically significant ( Table 4) . Associations were not detected among women, and no association was seen for esophageal adenocarcinoma and gastric subtypes. A combined analysis of men and women showed no association with esophageal squamous cell carcinoma (HR for the highest tertile in the multivariable model: 1.33; 95% CI: 0.80, 2.23; P-trend = 0.28).
Analyses of nitrate intake and esophageal and gastric cancer subtypes are presented in Table 5 . Significant associations were not seen for any esophageal or gastric cancer subtype. The HR for the highest tertile of nitrate intake for esophageal squamous cell carcinoma in models combining men and women was 1.04 (95% CI: 0.48, 2.25; P-trend = 0.90).
A combination of low vitamin C intake and high heme iron or nitrite intake compared with high vitamin C and low heme iron or nitrite intake showed positive associations with esophageal squamous cell carcinoma risk in men (see Supplementary Figures 1 and  2 under "Supplemental data" in the online issue). However, overall tests of interaction were not significant. In women, no associations were seen for esophageal squamous cell carcinoma or gastric noncardia adenocarcinoma across tertiles of vitamin C intake and heme iron or nitrite intake (data not shown). Tests of multiplicative effect modification of chlorophyll intake on the association between heme iron and the risk of esophageal and gastric cancer subtypes were not significant, and risk estimates across heme iron and chlorophyll categories did not indicate a trend consistent with our hypothesis (data not shown).
Among men who did not drink beer, the HR for esophageal squamous cell carcinoma comparing the highest tertile of N-nitrosodimethylamine intake with the lowest was 7.85 (95% CI: 1.10, 55.9). Exclusion of the first 2 y of follow-up, the use of age as time scale in the analysis, and alternative estimation of N-nitrosodimethylamine intake based on exclusion of noncheese dairy products did not substantially change our results (data not shown).
DISCUSSION
Data from this large prospective cohort show a positive association between esophageal squamous cell carcinoma risk and preformed dietary N-nitrosodimethylamine intake as well as nitrite and heme iron intake, which are proxies for endogenous nitrosation. There was also an indication of a positive association of N-nitrosodimethylamine with gastric noncardia adenocarcinoma. All associations were seen in men. In women, a positive association 136 (134) 89 (101) 122 (135) 120 (130) 129 (128) 178 (145) 155 (176) 201 (136) 218 (148) 171 (150) Vegetables (g/d)
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was only seen between N-nitrosodimethylamine and esophageal squamous cell carcinoma, possibly because of lower ranges of exposure, especially for N-nitrosodimethylamine, and smaller sample sizes. Few epidemiologic studies have investigated esophageal cancer risk in relation to NOC intake and nitrosation, and their results are inconsistent. One case-control study from the United States found a nonsignificant positive association between esophageal cancer risk and nitrite intake (OR for the highest category: 1.58; 95% CI: 0.73, 3.44) as well as N-nitrosodimethylamine intake (OR for the highest category: 1.86; 95% CI: 0.87, 3.95) (36) . A cohort study in a United Kingdom population with 55 esophageal cancer cases showed no association with intake of N-nitrosodimethylamine, intake of nitrite, and endogenous nitrosation (10), although subtypes were not distinguished in this study. A cohort study (37) and a case-control study (38) from the United States also suggested no association with nitrite intake. In a cohort study that investigated heme iron intake in relation to esophageal cancer, a suggestive positive association was found with adenocarcinoma but not with squamous cell carcinoma of the esophagus (37) . The same study found a positive association between squamous cell carcinoma and red meat intake (37), which we also observed in the NLCS (39) . Another cohort study of women in Iowa found a positive association between heme iron intake and upper digestive tract cancer (esophageal and stomach cancers) (40) , and 2 case-control studies showed a positive association with esophageal adenocarcinoma (41, 42) .
Several studies have investigated the relation between gastric cancer risk and NOC intake and nitrosation (7). Four case-control studies (43) (44) (45) (46) showed a positive association with N-nitrosodimethylamine intake, whereas one study (47) found no association. One (9) of 2 Scandinavian cohort studies found a positive association between N-nitrosodimethylamine intake and gastric cancer risk (9, 48) , and no association with either cardia or noncardia adenocarcinoma was found in a large European cohort from 10 countries (8) . Most of the case-control studies (6, 49) , but not all (43, 46) , showed a consistent positive association between nitrite intake and gastric cancer risk, whereas 3 cohort studies did not support an association (10, 37, 48) . After 6.3 y of follow-up, we observed a clear association with nitrite intake in the NLCS (23) . Few studies had distinguished between cardia and noncardia gastric cancers (8, 37, 38) . A case-control study showed an association between nitrite intake and noncardia adenocarcinoma, but not with cardia adenocarcinoma (38) , whereas a cohort study found no association with either gastric subtype (37) . Endogenous nitrosation, based on total iron intake from meat, was found to be associated with gastric noncardia but not with gastric cardia cancer in a European cohort study (8) ; however, heme iron intake was not associated with gastric cancer subtypes in a large US cohort study (37) . Adjusted for age (y); calculated by using a Cox proportional hazards model. Adjusted for age (y); calculated by using a Cox proportional hazards model. Models were additionally adjusted for use of lower esophageal sphincter-relaxing medications.
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Adjusted for age (y); calculated by using a Cox proportional hazards model. Models were additionally adjusted for use of lower esophageal sphincter-relaxing medications. Adjusted for age (y); calculated by using a Cox proportional hazards model. As in most previous studies, we used estimates of N-nitrosodimethylamine, the most common volatile nitrosamine in foods (1), as an indicator of dietary exposure to preformed NOCs. The distribution of N-nitrosodimethylamine intake in our study was largely similar to that of other studies (8, 9) . It is difficult, however, to estimate the N-nitrosodimethylamine intake of individuals based on questionnaire and published data on N-nitrosodimethylamine contents of food. The nitrosamine contents of food vary across countries (20) and over time, because of changes in methods of food processing (50) , and available data are limited for some food items. Nonetheless, our analysis with different N-nitrosodimethylamine estimates yielded similar results.
Beer and processed meat were the most important source of N-nitrosodimethylamine in the NLCS (Figure 2) , which is in line with other studies (9, 36, 48) . Before the 1980s, beer contained considerable amounts of N-nitrosodimethylamine in the Netherlands and in other countries (12) , although the contents have decreased substantially since then owing to measures taken by brewers to reduce N-nitrosodimethylamine formation in malt (51) . Given the long latency periods, we might still pick up effects of beer consumption in the past. The low nitrite content of beer (19) , in contrast with its high N-nitrosodimethylamine content, might partially explain the differences in associations that we found with N-nitrosodimethylamine and nitrite intake and might indicate different underlying mechanisms leading to cancer.
Alcohol consumption is associated with the risk of esophageal squamous cell carcinoma (52) . Because there was a strong correlation between alcohol in beer and N-nitrosodimethylamine intake in our study, we evaluated the possibility that the association shown in this study was due to alcohol in beer rather than to N-nitrosodimethylamine intake by restricting the analysis to nonbeer drinkers. These analyses also showed a strong positive association between N-nitrosodimethylamine and esophageal squamous cell carcinoma among men, which supports the role of N-nitrosodimethylamine in the association.
We assessed the possible effect of endogenous nitrosation on esophageal and gastric cancer risk by using nitrite and heme iron intakes, which have been shown to influence NOC formation (4). An ENOC formation using iron intake has been developed by Jakszyn et al (8) and was used in several studies. We used a similar estimation of ENOC using heme iron instead of iron intake from meat. The correlation between heme iron and ATNC levels was very high (r = 0.97), which suggests that this approach is useful in estimating endogenous NOC formation in the distal gastrointestinal tract.
The intake of vitamin C, which is known to inhibit nitrosation, can reduce the endogenous formation of NOCs (53) . Several epidemiologic studies found an effect modification of nitrite, preformed nitrosamine, or endogenous nitrosation by vitamin C intake on gastric and esophageal cancer (8, 36, 38, 44, 54) . Our results are consistent with effect modification only for esophageal squamous cell carcinoma risk. We found no effect modification between heme iron and chlorophyll intake. Chlorophyll is structurally similar to heme and can reduce carcinogenesis in animal models (55) . Experiments in rats have shown that chlorophyll inhibits the cytotoxic and hyperproliferative effects of dietary heme in the colon (5) .
The prospective design and the nearly complete follow-up is a key strength of this study for reducing the potential for bias. The effect of preclinical disease on exposure was not likely to introduce substantial error, which is supported by similar findings when early follow-up was excluded from the analysis. The collection and analysis of detailed data on potential confounders is another strength. However, food-frequency questionnaires are prone to the misclassification of dietary intake; hence, we could have missed relevant associations. We performed a separate analysis of esophageal and gastric cancer subtypes, and our results suggest different risks of NOCs across subtypes, but we could not perform an analysis by histology of gastric adenocarcinomas. The lack of information on cooking methods and Helicobacter pylori infection status were also limitations of our study. We estimate that about half of our study population could have been infected (56) , but it is unlikely that risk estimates for esophageal squamous cell carcinoma have been attenuated.
We concluded from the results of this large Dutch cohort study that preformed NOC, heme iron intake, and nitrite intake may increase the risk of esophageal squamous cell carcinoma in men, but no apparent associations were seen for esophageal adenocarcinoma. Our results also support a positive association between preformed N-nitrosodimethylamine and gastric noncardia adenocarcinoma. Overall, the results in women do not support a positive association with esophageal or gastric cancer subtypes.
